DURING the past twenty-five years the details of the applied anatomy of the anorectal region have found their proper place in the diagnosis and treatment of diseases occurring in this situation.
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The importance of the anorectal musculature in the operations for fistula, hemorrhoids and fissure is now universally recognized and many have been stimulated both in this country and abroad to seek further anatomical information which would explain the pattern of spread of infection in this region. In his Presidential Address, in 1943, Milligan gave a brilliant description of the surgi6al anatomy and disorders of the perianal space.
The present paper is an attempt to complete the picture of the perirectal spaces and to describe the surgical anatomy of the ischiorectal space. Surgical treatment of acute perianorectal infection and anorectal fistula and also the operation of perineal dissection of the rectum require a thorough knowledge of the anatomy of this area.
The study of post-mortem specimens, especially in aged subjects, has given rise to the idea that the levatores ani descend like a funnel around the visceral canals at the pelvic aperture. This state of affairs is not that encountered at operation.
The longest axis of the pelvic outlet lies antero-posteriorly from the sacrum to the pubis, owing to the obliquity of the pelvis and the concavity ofthe sacrum and coccyx (figs. IA and B) .
The pelvic aperture is the gap in the pelvic floor through which the visceral canals pass to:the exterior. Though situated at the lowest part of the pelvic outlet, the pelvic aperture, as Paramore has pointed out, is crowded forwards between the ptubic rami.
In pronograde mammals such as the dog, the pelvic aperture is a mesial slit which occupies the whole length of the pelvic outlet, from? the symphysis pubis to the tail. The aperture is guarded by the pubo-coccygeus muscles which lie on either side of it and which compress the visceral canals from the sides (fig. 2 ). In orthograde mammals, the posterior part of the pelvic outlet is closed and supported by the pelvic floor with the formation of an ano-coccygeal raphe and tilting forwards ofthe coccyx. In fact the tail has been pulled forwards to protect the posterior part of the pelvic outlet. The pelvic aperture together with the pubo-coccygei which still remain as the sphincteric portion of the levatores ani are thus displaced forwards and a portion of each muscle now becomes especially adapted as a more efficient sphincter, namely the pubo-rectalis. The pubo-rectalis muscles surround the pelvic aperture not only at the sides but also posteriorly ( fig. 3 ). It has been suggested by Paramore that the intra-abdominal pressure which is transmitted into the pelvis to a greater degree in the orthograde mammal is the reason for the need of a more efficient sphincter at the pelvic aperture. In man, direct pressure on the pelvic floor from above, produced by contraction of the diaphragm and abdominal muscles, is prevented by the lumbar lordosis and the large sacral concavity. The thrust of the diaphragm is first deflected forwards by the lumbar lordosis to the lower anterior abdominal wall and thence backwards to the front of the sacrum and finally forwards towards the pubic arch where lies the pelvic aperture. The lumbar lordosis is not present at birth but appears when the human assumes the erect position and further, the sacral concavity, though present in the newborn, increases in depth.
MAR.-PROCT. I SURGICAL ANATOMY Levatores ani muscles.-Just as Milligan pointed out that the muscle concerned in the surgical anatomy of the Perianal Space was the subcutaneous external sphincter, so in a like manner the muscles of the Ischiorectal Space are the levatores ani and the two remaining portions of the external sphincter, the superficial and the deep. I will quickly dismiss the external sphincter muscles since we have described and discussed their surgical importance elsewhere, but I would like to remind you of two facts, one that the superficial portion of the external sphincter arises from the coccyx and therefore lies as a bridge behind the anus crossing the isthmus between thp ischiorectal spaces, and the other, that the deep portion of the external sphincter is intimately attached to and inseparable from the sphincteric portion of the levator ani, i.e. the pubo-rectalis (see fig. IA ).
For practical purposes each of the levatores ani may be regarded as consisting of two main parts, the pubo-coccygeus with its specialized portion, the pubo-rectalis and the ilio-coccygeus.
The pubo-coccygeus and pubo-rectalis are situated in the narrow anterior area of the bony pelvic outlet, namely at the pelvic aperture. The muscle arises from the posterior aspe,ct of the pubis, deep layer of the triangular ligament, which indeed may be regarded .... as its aponeurosis, and from the white line as far back as the obturator canal. The pubococcygei pass mainly backwards (antero-posteriorly), but also slightly inwards on either side of the visceral canals and join in a V-shaped manner to form a raphe which is attached to the front of the coccyx behind the ampulla of the rectum. The medial and anterior portions of these muscles, which include their free edges, are much stouter and more vascular than the remainder of the muscles. These latter portions form the pubo-rectalis muscles. The free edge of the pubo-rectalis muscle is attached to its fellow of the opposite side in front of the rectum by unstriated muscle fibres (Delbet) ( fig. 4 ).
At its origin from the back of the pubis, the pubo-rectalis lies horizontally, but as it passes directly backwards on either side of the visceral canals it undergoes a twist so that instead of having a surerior and inferior surface it comes to lie with outer and inner surfaces and its medial free edge now becomes an inferior edge. The inner surface lies in intimate contact with the lateral walls of the prostate or vagina and the rectum. Together the two stout puborectalis muscles form a continuous sling which passes behind the anorectal junction and gains no attachment to the coccyx or to the pubo-coccygeus raphe, but lies below (inferior to) the latter. It will be seen that the pubo-rectalis sling, lying below the insertion of the pubococcygeus, is thus in close relation with the rectum and anal canal on the one side and the ischiorectal fat on the other, throughout much of its extent (fig. 3 ). This "U" shape sling of muscle surrounds the pelvic aperture which is completed in front by the pubic arch. This aperture measures only 1 in. from side to side and not more than 1 in. from the anorectal junction to the pubis (Paramore) .
As already mentioned, the pubo-rectalis is intimately attached to the deep part of the external sphincter and its fibres also join with the longitudinal muscle coat of the rectum so that it becomes an integral part of the musculature of the anal canal and plays a major role in the formation of the anorectal ring, so essential for rectal continence. This cohesion between somatic and visceral muscle is difficult to understand on embryological grounds but if it did not occur, peristalsis would pull the rectum upwards over its contents during defecation without expelling them through the anus.
So far, we have seen that the pubo-coccygeus and pubo-rectalis portions of the levator pass mainly backwards in the narrow anterior area of the pelvic outlet. The remaining portion of the levator, the ilio-coccygeus, arises further back from the lateral pelvic wall at the white line and its origin extends from the obturator canal to the ischial spine. Its origin is often fascial, it is variable and may extend above the ilio-pectinal line, becoming continuous with the parietal pelvic fascia. Owing to the posterior relationship of its origin to that of the pubo-coccygeus and the fact that the pelvis is tilted, its fibres do not pass backwards but downwards and inwards to gain insertion into the side of the coccyx and the ano-coccygeal raphe which lies below (inferior to) the raphe of the pubo-coccygeus. The posterior portion of the pubo-coccygeus running backwards therefor'e overlaps on their superior aspect the fibres of the ilio-coccygeus which are running inwards (fig. 4 ). The iliococcygeus has a superior and inferior surface whilst the pubo-coccygeus not only lies in a different plane (antero-posterior) but presents supero-internal and infero-external surfaces. This difference in plane and direction of these muscles indicates their different functions. The pubo-coccygei and more especially the pubo-rectalis portions are sphincteric, whereas the ilio-coccygei support the basin-like cavity. The former muscles are well developed whilst the ilio-coccygei are often thin and degenerate, though there is evidence of their great capability of hypertrophy during pregnancy. Palpation by the finger in the rectum will verify the comparative thinness of the iliococcygeus between the obturator canal and the spine of the ischium, as compared with the stout pubo-coccygeus and its best-developed portion, the pubo-rectalis.
Function of the levatoles ani. Contraction of the pubo-rectalis sling increases the anorectal angle and also the angle of the vagina, pulling these structures directly forwards to the pubis, so narrowing the pelvic aperture and acting as a strong sphincter to these canals. The pubo-coccygeus elevates the coccyx and the floor of the pelvis and, in addition, exerts lateral pressure on the sides of the rectum. The ilio-coccygeus merely elevates the pelvic floor, supports the pelvic outlet but exerts no action on the empty rectum. Ischiorectal space. The ischiorectal fossa is divided into the Perianal Space and the Ischiorectal Space by the perianal fascia which is an extension of the insertion of the composite longitudinal muscle of the anal canal outwards between the subcutaneous external sphincter and the remainder of the external sphincter muscle. This fascia extends across the ischiorectal fossa and fades away in the region of the tuberosity of the ischiUm. The fat of the perianal space is closely packed and finely granular, whereas the ischiorectal space is filled with large lobules of relatively avascular fat (Milligan) ( fig. 7 It will be seen that owing to the different planes of the musculature of the pelvic outlet, the inner wall of the ischiorectal space is formed by the pubo-coccygeus and the puborectalis together with the two deeper portions of the external sphincter muscle. The outer wall of the ischiorectal space is limited by the obturator fascia covering its muscle and by a small portion of the inner aspect of the ischium which lies below the falciform attachment ofthe great sacro-sciatic ligament. Elliot Smith (1908) and Derry (1907) , however, believe that the outer wall of the ischiorectal fossa is formed by the fascia lunata which is a condensation of fibrous tissue around the internal pudic vessels and nerve. The obturator fascia is thus excluded from taking part in the formation of the outer wall of the ischiorectal space. The impression given by some anatomists is that the roof of the ischiorectal space is a narrow cleft formed at the origin of the levator from the obturator fascia on the lateral pelvic wall. I do not believe that this is so. At operation, the ischiorectal space has an arched roof which is formed by the changing direction of the fibres of the ilio-coccygeus as they pass inwards to their insertion. The roof is broadest in the posterior part of the space and becomes narrower anteriorly above the urogenital diaphragm. Where the roof becomes broader posteriorly behind the. anus, the inner wall of the ischiorectal space, formed by the pubo-coccygeus and pubo-rectalis, disappears and so the ischiorectal spaces communicate with one another in this region. Both the inner wall and the roof of the space are lined by the anal fascia which covers the inferior surface of the whole of the levator ani muscle.
The ilio-coccygeus and pubo-coccygeus are in apposition at their origins at the white line and become continuous in the region of the obturator canal, so that the inner wall and the roof of the ischiorectal space fade into one another in this region. The outer wall, limited by the obturator internus and its fascia, also approaches the inner wall at this point, so that an anterior extension of the ischiorectal space is formed, situated in the anterior part of the pelvic outlet between the side of the pelvic aperture and the descending pubic ramus. The floor or inferior limit of the ischiorectal space in its posterior portion consists of the perianal fascia and the finely granular fat of the perianal space and skin. At and in front of the central point of the perineum, the triangular ligament and the transverse perineal muscles form a shelf below the anterior extension of the ischiorectal space, so that here these structures also take part in the formation of the floor of the ischiorectal space, in addition to the perianal space and skin (Frazer, 1940) (fig. 8 ).
The coccyx, ischial spine and the pubis are on the same horizontal plane. The levatores ani, including the coccygei which form the pelvic floor, arise from these structures and so are placed horizontally across the obliquely tilted pelvic outlet ( fig. 1 ). The ischiorectal space is thus not a pyramid extending vertically upwards towards the true pelvis but is wedge-shaped and lies antero-posteriorly. The apex of the wedge is situated anteriorly above the triangular ligament whilst its base lies in the region of the two sciatic ligaments where they become apposed and partly fused. The base of the wedge is directed backwards and downwards and here the ischiorectal space is broadest, is partly overlapped by the gluteus maximus and limited by the perianal space and skin. The shape of the ischiorectal space is produced by the form of the pelvic arch and the apposition of the origins of the pubo-coccygeus and the anterior portion of the ilio-coccygeus ( fig. 8 ).
This anterior extension is shut off from the true pelvis (supra-levator space) by fusion of the anal fascia lying on the outer and inferior surface of the levator with the obturator fascia on the external wall and the deep layer of the triangular ligament inferiorly. The anal fascia joins with the visceral pelvic fascia around the anterior free edge of the puborectalis (see figs. 8 and 9).
Elliot Smith describes the presence of a layer of fascia passing across the ischiorectal space from its inner to outer wall at the base of the triangular ligament-the lamina terminalis. This would limit the ischiorectal space to the level of the base of the triangular ligament. Exclusion of the anterior extension of the ischiorectal space by such a fascia has not been borne out by clinical observation and operative findings in cases of infection in the ischiorectal fossa.
SURGICAL IMPORTANCE
ANORECTAL FISTULA Milligan, Lloyd-Davies and myself with our colleagues at St. Mark's Hospital have consistently noted during the past decade that the tracks of fistule extending high into the ischiorectal space form a constant pattern ( fig. 10 and Table I) ; At the Meeting of the Association of Surgeons at Oxford, in 1947, we described this fact! Infection in the ischiorectal space may break through the perianal septum into the subcutaneous perianal space. Infection commencing in the latter space, however, rarely extends upwards into the ischiorectal space. It has been observed that the indurated track ofa fistula involves the inner wall of the ischiorectal space and always lies adjacent to the bowel. Infection spreading into the ischiorectal space appears to follow the fibres of the pubo-coccygeus and pubo-rectalis which form the inner wall of the ischiorectal space and are in intimate contact with the bowel wall. The outer wall of the space is rigid and infection cannot burrow in this direction. Extension downwards is limited by the triangular -ligament anteriorly and the tough skin of the ischiorectal fossa posteriorly. It will be seen therefore that infection spreads more easily to the roof of the fossa where the pubo-coccygeus and ilio-coccygeus meet. The typical pattern of spread of infection is therefore governed by the anatomy of the levator, especially the pubo-coccygeus and pubo-rectalis. In an acute ischiorectal abscess the whole space is usually involved by the infection, but when an anorectal fistula has developed, the chronic inflammatory process'is narrowed down to lie close to its inner wall. 7 195 An anorectal fistula, which is a rare but sinister type of fistula (5 %), has a main track lying in the ischiorectal space ( fig. 7 ). This runs external to the anorectal musculature, and more or less parallel to the anal canal and extending to the roof of the space. Thence the track passes forwards along the pubo-rectalis sling above the triangular ligament and transverse perineal muscle to the infrapubic anterior extension of the space (fig. 10) .
Owing to the continuity of the sling fibres of the pubo-rectalis behind the anorectal junction, infection may pass to the opposite ischiorectal space along an isthmus which lies above the attachment of the superficial external sphincter, which we believe has been mistaken by some surgeons for the ano-coccygeal ligament. Happily, the internal opening of the fistula usually lies below the muscular anorectal ring which is the last guardian of control. Operation for anorectal fistula.-From the aspect of surgical approach, the roof of the ischiorectal space is situated nearer the skin posteriorly than anteriorly owing to the fact that the iho-coccygeus has passed down to the sides of the coccyx. In fact, the skin in the region of the coccyx is on the same horizontal plane as the depths of the ischiorectal space, including its anterior extension (figs. IA and B). Because the roof of the ischiorectal space lies nearer to the skin posteriorly and its inferior wall or floor is here formed by the perianal space and skin, the first incision to be made at operation for an anorectal fistula is one directly backwards to the side of the coccyx. Now by retraction of the wound edges, the depths of the space can be seen and the anterior extension along the pubo-coccygeus and pubo-rectalis found by palpation and with a probe.
This anterior extension is opened by cutting down on the inserted probe-director in a forward direction through the anterior part of the floor of the ischiorectal fossa. This incision will not only further open the perianal space but also may divide the transverse perineal muscle and base of the triangular ligament since these two structures form the floor of the anterior portion of the space. The track to the other side along the pubo-rectalis, if it exists, is laid open by division of the skin, perianal space and attachment of the superficial external sphincter behind the anus to the coccyx. Since the main track, the anterior extension and that to the opposite lie close to the bowel, the rectal wall must be protected from injury by palpation with a finger inserted into the rectum whilst incisions are being made.
The pubo-rectalis and pubo-coccygeus are so often infiltrated by inflammatory induration that palpation from within the rectum may give the impression that the infection is situated in the submucous space. This is not the case, however, since the induration felt through the rectal wall ends at the level of the anorectal ring and does not extend downwards in the submucous space into the anal canal (cf. figs. 11 and 12) . I have not, so far, mentioned the path or paths of infection from the anal canal to the ischiorectal space. Here, we are on debatable ground. Many routes of spread of infection from the anal canal through the sphincter muscles have been considered, viz. perivascular spread along blood-vessels (Hiller, 1931) , extension of infective thrombophlebitis from the haemorrhoidal veins (Baumann et al.) , lYmphangitis (Reichle, 1941) , cryptitis (Aronsson, 1948 ) and infection of intramuscular glands (Tucker and Hellwig, 1935; Gordon-Watson and Dodd). (Figs. 4, 10, 11 and 12 are reproduced from Postgraduate Medicine, vol. 4, No. 5 (November 1948) , by permission.) Extension along filaments of the composite longitudinal muscle of the anal canal which pass outwards between the two deeper portions of the external sphincter into the ischiorectal space has also been mentioned. From a study in sections in the past and recently at St. Mark's Hospital, neither Dr. Dukes nor myself could find such extension of the longitudinal muscle. Though the mode of infection is still in doubt, the pattern of an anorectal fistula, resulting from infection in the ischiorectal space, is quite plain.
Recently Dr. Courteney of Syracuse, U.S.A., has demonstrated by dissection that the levator ani appears to be divisible into a superior and inferior layer and he postulates that infection extends deeply from a source, such as an infected crypt in the anal canal, along the composite longitudinal muscle to the superior and posterior levator spaces. Our clinical experience does not support this hypothesis and we are unfamiliar with the abscesses he describes.
PERINEAL DISSECTION OF THE RECTUM
A clear conception of the inner wall and roof of the ischiorectal space will guide the surgeon during perineal dissection of the rectum, so that it will not be out of place here to describe briefly the steps of perineal dissection as now performed at St. Mark's Hospital. After excision of a portion of the coccyx and division of the ischiorectal fat, the finger is inserted in a forward and outward direction on either side above the posterior border of the levator ani muscle. This muscle is thus separated from the fascia of Waldeyer which passes from' the sides of the sacrum to envelop the lateral and posterior aspects of the rectum.
It will be found, as blunt dissection is carried forwards, that the finger can be made to pass easily downwards (i.e. towards the surgeon) to enter once again the ischiorectal space. The plane of dissection has extended above the ilio-coccygeus and coccygeus but below the antero-posterior fibres of the pubo-coccygeus and re-entered the ischiorectal space between the superior edge of this muscle and the anterior border of the ilio-coccygeus. A defect in this situation may be found during anatomical dissection. The muscles lying on the finger are the coccygeus and ilio-coccygeus and these are now cut with a pair of blunt-nosed scissors well out on the lateral pelvic wall (fig. 13 ). The pubo-coccygeus and its puborectalis portion, lying in intimate contact with the lateral and posterior rectal wall, will be seen undivided in the anterior part of the wound on either side.
The fascia of Waldeyer is next divided just in front of the excised portion of coccyx and its further division carried out laterally on either side. This will allow the rectum to be freed from the front of the sacrum, and also laterally. The undivided pubo-coccygeus and pubo-rectalis on either side hold the rectum forwards to the posterior surface of the prostate or vagina. In the -anterior part of the wound the transverse perineal muscles will be found crossing the ischiorectal fossa on either side.
Above-these muscles pass the foreshortened pubo-coccygei. This foreshortening occurs as a result of the detachment of the coccygeal insertion of the pubo-coccygei following removal of a portion of the coccyx.
A finger can now: be readily inserted above the superior edge of the pubo-coccygeus which is then thus separated from the lateral wall of the rectum (fig. 13 ). This is easier and safer than a dissection first carried out from the inferior borders of the pubo-rectalis which lie between the apex of the prostate and the anorectal junction near the mid-line, because here the levator ani is in intimate contact with the bowel and its fibres blend with the longitudinal muscle of the anal canal. As the pubo-coccygeus is separated from the lateral rectal wvall and divided, the glistening pelvic fascia, which is still intact in this region, will be seen ensheathing the ampullary portion of the rectum. Much of the muscle can be safely divided at the lateral aspect of the bowel. Following division of this lateral and superior portion of the muscle, the sides of the prostate can be felt and the depression between its posterior surface and the anterior wall of the rectum is now easily palpable. The anterior part of the dissection is next commenced in the mid-line. At first, the decussating fibres of the external sphincter will be revealed passing into the central point of the perineum. Having divided these fibres, further dissection is carried out towards the apex of the prostate utilizing the posterior edge of the transverse perineal muscles as a guide. Dissection must not be extended in front of these transverse muscles and it will be found that, if they are divided, the transverse perineal arteries will also be cut and require ligature.
The inferior borders of the pubo-rectalis muscles are now defined and isolated. To define and separate these, an artery forceps is inserted in the mid-line upwards towards the apex of the prostate. The position of the prostatic apex can be located with the forefinger and thumb feeling along the lateral aspects of the gland, which has already been exposed in this situation, following division of the pubo-coccygei. The muscle bundles are divided and lookout is kept for the longitudinal muscle fibres, namely the recto-urethralis muscle of Roux, passing upwards from the base of the triangular ligament and anterior rectal wall to the apex of the prostate. These longitudinal fibres are divided in the anterior part of the wound and the plane of dissection kept in front of them. The rectal wall will thus not be damaged and the posterior aspect of the prostate brought into view.
There appear to be two lines of cleavage between the front of the rectum and posterior surface of the prostate, either between the two layers of the fascia of Denonvilliers or posterior to both. The space between the two layers of this fascia is entered by division of the thick posterior layer at its inferior attachment to the thin anterior layer on the posterior aspect of the prostate. The thin anterior layer remains attached to the back of the prostate and vesicles, whilst the thick posterior layer is pushed backwards with the anterior rectal wall. If this, the recto-prostatic space of Proust has been entered, the vesicles will be seen at the base of the prostate covered only by the very thin anterior layer of Denonvilliers' fascia.
Should the thick posterior layer of the fascia of Denonvilliers not be divided, the prerectal space lying behind both layers of the fascia may be entered by division of additional longitudinal fibres (the superior recto-urethralis) passing downwards towards the apex of the prostate from the anterior rectal wall. Dissection between the prostate and rectum can be carried out in this pre-rectal space, but at the base of the prostate the vesicles will be hidden by the thick posterior layer of the fascia of Denonvilliers which lies in front of the plane of dissection and must be divided in order to expose these structures. The peritoneal pouch is next encountered lying on and attached to the anterior rectal wall between the vesicles.
The condensed visceral pelvic fascia which lies above the already divided pubo-coccygei, and which forms a buttress for the muscular pelvic aperture, still holds the rectum forwards to the lateral borders of the prostate or vagina and requires division in order to free these organs completely from one another.
The lateral ligaments or rectal stalks passing from the sides of the rectum to the posterolateral aspect of the pelvic wall near the fourth sacral foramina will now alone hold the rectum in position and their division completely frees the bowel. I wish to thank Professor W. J. Hamilton of the Department of Anatomy, Charing Cross Hospital, for his help and co-operation, and also Mr. Alexander Brown, R.S.O., St. Mark 's Hospital, for Table I. 
